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@ Production of soluble silicates from biogenetic silica. 

@ Disclosed is a commercial grade of soluble silicates, water 
white, made by dissolving biogenetic silica, preferably rice hull 
ash, in a strong alkali solution, preferably sodium hydroxide in 
the presence of an agent, such as an active carbonaceous 
material, which prevents discoloration of the soluble silicates by 
polyvalent metals, organic materials, and the like in the 
biogenetic silica as it dissolves In and reacts with the alkali 
solution. The invention takes advantage of the residue of such 
active carbonaceous material on the biogentic silica, such as 
rice hulls, left by commercial energy burning thereof which 
effectively prevents discoloration. A solid residue results from 
the method which is an active carbonaceous material including 
concentrated manganese from the biogenetic silica, both of 
which are valuable commercial products. 
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Description 



Production of Soluble Silicates from Biogenetic Silica 



The present invention relates to the production of 
soluble silicates from biogenetic silica in substan- 
tially amorphous state. 



Background of the Invention 



10 



Soluble silicates are compositions in which so- 
dium oxide and silica are combined in varying 
proportions, usually with some water. The different 
proportions allow a wide range of properties and 
applications. The proportion of silica to sodium oxide 15 
is expressed on a mole ratio basis with ratios 
ranging from 3.85 to 0.5. They are produced as either 
solids or water solutions - liquids - with the liquids 
usually made as concentrated as can be handled in 
the commercial applications. In 1977, the production 20 
of sodium silicate in the United States was about 
760,000 tons for the most common grade - "water 
glass" - with a ratio of silica to sodium oxide of 3.2. 
Other grades, mostly more alkaline (lower ratio), 
made up another 210,000 tons in that same year. 25 
Some of the principal uses of sodium silicates are: 
adhesives and cements; coatings; gels and cata- 
lysts; silica sols and water treatment; detergents 
and soaps; foundry molds and cores; drilling muds; 
soil stabilization; chemical fixation/solidification of 30 
wastes. 

Sodium silicate Is conventionally made by fusing 
high purity soda ash and silica sand in furnaces at 
temperatures of 1300° to 1500°C to produce a solid 
glass. The liquid is made by dissolving the glass with 35 
steam and hot water. Both processes are very 
energy intensive. Therefore, any method which 
requires the use of less energy is advantageous and 
potentially competitive. 

in obtaining soluble silicates from biogenetic 40 
silica, such as rice hull ash, in which the hull fibers 
have been burned off, the resulting soluble silicates 
have an amber color which is very difficult to remove. 
For example, attempts to remove the amber color 
proved inadequate by the following material and 45 
methods: activated carbon (peculation and filtra- 
tion); activated, amorphous silica; zeolites (pecula- 
tion and filtration); ion exchange resins; EDTA 
(ethylenediaminetetracetic acid disodium salt); 
black rice hull ash (original and residual); PHPAA 50 
(partially hydrolyzed poly acrylic acid); sodium 
peroxide; chlorine; silica foam; silicate foam; and 
sodium gluconate. 

Since commercial grades of soluble silicates, 
such as sodium silicate, are water white, the amber 55 
color is unacceptable for most commercial applica- 
tions. 

Commercially available rice hull ash is prepared by 
burning rice hulls as an energy source in a furnace. 
In the process, raw rice hulls are continuously added 60 
to the top of the furnace and the ash is continuously 
removed from the bottom. Temperatures in the 
furnace range from 800° to about 1400° C, and the 



time factor for the ash in the furnace is about three 
minutes. Upon leaving the furnace, the ash is rapidly 
cooled to provide ease in handling. When treated by 
this method, silica remains in a relatively pure 
amorphous state rather than in the crystalline forms 
known as tridymite or crystobalite. Transition from 
the amorphous to the crystalline state generally 
takes place when the silica is held at very high 
temperatures, for example 2000°C. t or longer peri- 
ods of time. The significance of having the silica in an 
amorphous state is that the silica ash maintains a 
porous skeletal structure rather than migrating to 
form crystals, and the amorphous form of silica does 
not cause silicosis thus reducing cautionary hand- 
ling procedures. The burning of the rice hulls is 
time-temperature related, and burning of these hulls 
under other conditions can be done so long as most 
of the ash is in an amorphous state with a porous 
skeletal structure. 

On a commercial burning of rice hulls as an energy 
source, the resultant ash had the following chemical 
analysis (by weight): 

TABLE 1 

Silicon~92 percent 
Magnesium— 2.0 percent 
Moisture-3.0 percent 
Carbon-2.5 percent 

The remaining 1/2 percent consists of minor 
amounts of magnesium, barium, potassium, iron, 
aluminum, calcium, copper, nickel, and sodium. 
Apparently, it is these metal salts, as well as organic 
material, which impart the amber color to the sodium 
silicates and which are very difficult to remove once 
the soluble silicate is formed. 

The carbon content was in a dispersed state 
throughout the material. Depending upon the time 
and temperature of burning of the biogenetic source 
of silica, and the particular furnace used, the carbon 
content can vary considerably, for example, up to 
and above 12<Vo. 



Summary of the Invention 

The present invention comprises a method of 
making soluble silicates such as sodium silicates by 
dissolving biogenetic silica in aqueous alkali solu- 
tions such as sodium and potassium hydroxide. By 
controlled burning of the rice hull ash, a "black ash" 
can be obtained with a residual carbonaceous 
content. This provides a method and material which, 
surprisingly, generates a water white solution of 
alkali silicate when digested in aqueous sodium or 
potassium hydroxide at temperatures and pressures 
which do not cause discoloration by the inherent 
organic material and trace minerals of the ash. 
Temperatures from ambient to the order of 275°F 
are suitable for most black ash. High temperatures 
and pressures may cause discoloration, for example, 
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by the breakdown of the carbonaceous residue. 
While the mechanism of the prevention of the color 
formation is not known, it is possible that the 
carbonaceous residue in the ash is similar to 
"activated carbon" which may absorb or react with 
color forming agents before they are released to the 
alkali solution during the digestion of the ash. 
Surprisingly, perculation or filtration of amber co- 
lored sodium silicate through a bed or column of 
"black ash" did not remove the color. The isolated 
black residue recovered from the digestion of black 
ash in alkaline solution was also ineffective in 
removing color from an amber solution. Such amber 
solutions result from biogenetic silicas which con- 
tain less than 1% carbonaceous matter. 

Accordingly, it is an object of the present 
invention to provide a method of producing a soluble 
silicate in which biogenetic silica is dissolved in a 
strong alkali solution effective to produce the 
soluble silicate, in the presence of an active 
carbonaceous material in an amount sufficient to 
prevent discoloration of the soluble silicate by the 
minerals or organic materials in the biogenetic silica 
during the dissolution thereof, their providing a 
water white soluble silicate. 

It is a further object of the present invention to 
provide a method of producing such a water white 
soluble silicate by a less energy intensive process 
than current processes for producing soluble sili- 
cates. 

It is a further object of the present invention to 
provide a method of producing a soluble silicate 
from rice hull ash having an active carbonaceous 
material dispersed throughout in an amount effec- 
tive to prevent the discoloration of the soluble 
silicate during dissolution of the rice hull ash. 

It is a further object of the present invention to 
provide a water white soluble silicate made from 
dissolving a biogenetic silica, such as rice hull ash, in 
a strong alkali solution effective to dissolve the 
biogenetic silica and produce the water soluble 
silicate in the presence of a carbonaceous material 
effective to prevent discoloration of the soluble 
silicate by extraneous matter in the rice hull ash, 
such as organic material, metal salts, and the like. 

It is a further object of the invention to provide 
such a method in which a valuable residue results, 
that is activated carbonaceous materials and con- 
centrated manganese converted from the oxide or 
silicate of manganese of the biogenetic silica, both 
of which have commercial applications. 

Other and further objects, features, and advant- 
ages of the invention are set forth throughout the 
specification and claims and are inherent in the 
invention. 

Description of Presently Preferred Embodiments 

The invention is directed to the production of a 
commercial soluble silicate, that is one which is 
water white, formed by the dissolution of biogenetic 
silica in a strong alkali solution effective to produce 
such a soluble silicate in the presence of an agent, 
such as a carbon compound dispersed throughout 
which prevents discoloration of the soluble silicate 



by metal salts, organic materials, and the like in the 
biogenetic silica. 

The biogenetic silica is obtained by the controlled 
burning of biogenetic materials containing silica, 
5 such as rice hulls, rice stalks, esquitum (horsetail 
weed), bagasse, certain bamboo palm leaves, 
particularly palmyra, pollen and the like. The burning 
of the biogenetic material is done under controlled 
conditions so that substantially all of the silica is in 

10 an amorphous rather than a crystalline state al- 
though minor amounts of crystalline silica can be 
present, as previously set forth. Preferably, the 
biogenetic materials are burned so that there Is a 
residue of from about 2o/ 0 to 8o/ 0 of carbonaceous 

15 material present. In most commercial burnings, 
there will be approximately O.50/0 to 8% or more of 
carbonaceous material (by weight) dispersed 
throughout the rice hull ash depending on the time 
and temperature of burning. It is only necessary to 

20 have sufficient carbon present to prevent discolora- 
tion. The rice hulls may burned along with other 
biogenetic materials, such as wood chips, corn cobs 
and the like which increase the carbon residue. 
Excess carbon is not harmful to the reaction. 

25 Advantageously, the biogenetic silica, such as rice 
hull ash, is dissolved In a strong alkali solution 
effective to provide a solution of soluble silica, such 
as sodium or potassium silicate, at or above ambient 
temperature or atmospheric pressures or both. At 

30 elevated temperature and pressure, the reaction 
takes less time. Advantageously, the present inven- 
tion does not require the use of high temperatures 
and pressures such as dissolving special grade 
quartz in a strong alkali solution as in the prior art 

35 processes. The strong alkali solution should have a 
pH of about 12 or greater. The alkali can be pure 
sodium hydroxide or reaction products of calcium 
oxide and sodium carbonate or sodium hydroxides 
as by-product liquors and the like. 

40 A series of experiments were performed on the 
dissolution of rice hull ash (RHA) in sodium 
hydroxide to form a solution of sodium silicate. There 
is no question that the RHA is being dissolved to a 
large degree by the sodium hydroxide and converted 

45 to a sodium silicate. While the products of these 
tests were not analyzed for silica, they were titrated 
for total alkali and total solids from which the silica 
was computed. In addition, the solutions were tested 
for gelling ability with dilute acid. All exhibited strong 

50 gelling, indicating the presence of substantial dis- 
solved and/or colloidal silica/silicate. This dissolu- 
tion of RHA occurs fairly rapidly and at low 
temperature and ambient pressure. In the absence 
of a discoloration preventive agent, the soluble 

55 silicate had an amber color which is undesirable for 
many commercial applications. This color appears to 
be due mostly to the presence of partially burned 
hulls or other organic matter, and/or small concen- 
trations of metals, such as iron, manganese, copper 

60 or chromium Intrinsic to the RHA. The discoloration 
was prevented by dissolving the RHA in the 
presence of a discoloration preventive agent, such 
as activated carbon. Advantageously, commercial 
energy burning of rice hulls leaves about a 2 1/2 to 

65 80/0 by weight of a carbonaceous residue on the ash 
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which prevents this discoloration. 

In some furnaces, for example, those using 
fluidized beds extraneous impurities are added to 
the ash which should be screened out. 

The following sets forth a series of experiments of 
the dissolution of rice hull ash (RHA) in substantially 
amorphous state in sodium hydroxide to form a 
solution of sodium silicate in the presence of about 
2 1/20/o to 8o/o (by weight) carbon. 

Experiments were conducted at room tempera- 
ture, 100°F, 212°F, 275°F, using 1/2, 1/1, and 2/1 
ratios of silica/sodium oxide in all cases except the 
275° F experiment. Concentrations of 25-300/o solids 
were used in most cases in the aqueous system. The 
solutions were aged for one to seven days and the 
following observations derived: 



Example 1 



Black Ash 



Results of Experiments at Room Temperature 



At room temperature, a 15o/o solution of 1/2 ratio 
(silica/sodium oxide) resulted from all three ratio 
solutions after a seven day incubation period. 



Example 2 



Results of Experiments at 100°F 



Charged 2/1 , 1/1 , and 1/2 Ratios Si0 2 / Na 2 0 of 250/o 
total solids 



1 day - 8o/o solution of 1/1.5 ratio (Si0 2 / 
Na 2 OJ from the 2/1 ratio; the remaining solu- 
tions were even more alkaline. 

2 day = 11o/o solution of 1/1.5 ratio (Si0 2 / 
Na 2 0) from the 2/1 ratio; the remaining solu- 
tions were even more alkaline. 

3 day = 12.50/o solution of 1/1.25 ratio (Si0 2 / 
Na 2 0) from the 2/1 ratio; the remaining solu- 
tions were even more alkaline. 

7 day « uo/o solution of 1/1.15 (Si0 2 /Na 2 0) 
from the 2/1 ratio; the remaining solutions were 
even more alkaline. 



Example 3 



5 

Results of Experiments at 212° F 



10 

Charged 2/1 ,1/1,1/2 ratios of SI0 2 /Na 2 0 at 320/o 
total solid solution 

15 

1 hr = 120/o solution of 1/1.1 (Si0 2 /Ma 2 0 from 
2/1 ratio; remaining solutions were more alkaline. 

24 hr « 230/o solution of 1 .5/1 (Si0 2 /Na 2 0) from 
2/1 ratio; remaining solutions were more alkaline. 
20 48 hr - 250/o solution of 1.8/1 (Si0 2 /Na 2 0) from 
2/1 ratio; remaining solutions were more alkaline. 

72 hr = 26.50/0 solution of 2.05/1 (Si0 2 /Na 2 0) 
from 2/1 ratio; remaining solutions were more 
alkaline. 

25 

Conclusion 



30 Over 700/o of solids were reacted at 21 2° F in 24 
hours; 83°/o in 72 hours. The resulting solutions were 
water white. The lower silica ratio solutions were 
more alkaline than the 2/1. Low silica (1/1 to 1/2) 
solutions are easily obtained even at room tempera- 

35 ture. 

The unreacted ash recovered from the 21 2° F 
study was very black and essentially finely divided 
with a coarser but friable fraction of about 25o/o. 
Microscopic examination revealed fragments of 

40 opalescent silicate laced with silvery metal particles. 
X-ray fluorescence of the recovered fraction indi- 
cated an unexpected, relative high and enhanced 
concentration of what appears to be manganese 
metal. The carbon apparently serves as a reducing 

45 agent and converts the oxide or silicate of man- 
ganese to elemental manganese. 

At high temperatures and pressures some disco- 
loration takes place. By simple experiments, opti- 
mum temperatures and pressures can be deter- 

50 mined to produce a water white soluble silicate 
economically. 

In the foregoing examples, in addition to sodium 
hydroxide, sodium carbonate/calcium oxide reac- 
tion products, sodium hydroxides by-product liquors 

55 and low grade soda ash/lime sources of sodium 
hydroxides can be used and a water white soluble 
silicate obtained. 

The other biogenetic silica particles mentioned 
before can be substituted for rice hull silica in the 

60 above examples with substantially the same results. 
If desired, the soluble silicate solution can be 
frothed to form a foam by air entrapment by known 
methods involving mechanical agitation, such as 
described in U.S. Patent No. 3,856,539. 

65 From the foregoing, commercial grades, that is 



0 301 857 



8 



water white, of sodium silicates can be produced 
from various biogenetic silicas with simple, low cost 
equipment and low energy input molar ratios of silica 
to sodium oxide of 1.0 to 2.0 have been produced by 
simply varying the proportions of biogenetic silica to 5 
the strong alkali solutions and higher ratios can be 
obtainable as well. The solids concentrations can be 
controlled by water addition up the point where the 
solutions become very viscous. 

In addition to the foregoing, the carbonaceous 10 
residue was primarily activated carbon which is 
valuable in many commercial applications. For 
example, in using RHA, up to about 80/0 of the RHA 
resulted in activated carbon. In burning rice stalks, 
up to about 120/o of the stalks resulted in activated 15 
carbon. 

In addition to the foregoing, as mentioned pre- 
viously, manganese appears to be concentrated in 
the carbonaceous residue, which can be extracted 
by conventional procedures and is quite valuable. 20 

As previously mentioned, advantageously the 
color is controlled by preventing discoloration of the 
sodium sfiicate during the dissolving of the carbona- 
ceous biogenetic silica in the strong alkali solution. 

While presently preferred examples of the em- 25 
bodiments of the invention have been given for the 
purposes of disclosures, changes can be made 
therein which are within the spirit of the invention as 
defined by the scope of the appended claims. 

30 



Claims 



35 

1. A method of producing a soluble silicate 
comprising, 

dissolving biogenetic silica In a strong alkali solution 
effective to produce the soluble silicate In the 
presence of a discoloration preventive agent dis- 40 
persed in an amount sufficient to prevent discolora- 
tion of the soluble silica by polyvalent metals or 
inorganic components of biogenetic silica during 
dissolution and reaction thereof, thereby providing a 
water white soluble silicate and a separable residue, 45 
the discoloration and reactions being below tem- 
peratures and pressures where discoloration oc- 
curs. 

2. The method of Claim 1 where, 

the discolor preventive agent is an active carbona- 50 
ceous material dispersed throughout the biogenetic 
silica. 

3. The method of Claim 2 where, 

the dissolution of the biogenetic silica is at ambient 
temperature and atmospheric pressure. 55 

4. The method of Claim 2 where, 

the dissolution of the biogenetic silica is at a 
temperature above ambient temperature. 

5. The method of Claim 2 where, 

the dissolution is at a pressure above atmospheric 60 
pressure. 

6. The method of Claim 2 where, 

the dissolution of the biogenetic silica is at a 
temperature above ambient temperature and at a 
pressure above atmospheric pressure. 55 



7. The method of Claim 2 where, 

the carbon present is in an amount of at least about 
1% by weight. 

8. The method of Claim 2 where, 
the soluble silicate Is dried. 

9. The method of Claim 2 where, 

the soluble silica is frothed to form a foam. 

10. A method of producing a soluble silicate 
comprising, 

dissolving rice hull ash in a strong alkali solution 
effective to produce the soluble silicate in the 
presence of a discoloration preventive agent dis- 
persed in an amount sufficient to prevent discolora- 
tion of the soluble silica by polyvalent metals or 
organic material in the rice hull ash during dissolu- 
tion and reaction thereof thereby providing a water 
white soluble silicate, the discoloration and reaction 
being at temperatures and pressures below that at 
which discoloration occurs. 

11. The method of Claim 10 where, 

the discoloration preventive agent is an active 
carbonaceous material. 

12. The method of Claim 11 where, 

the dissolution of the rice hull ash is at ambient 
temperature and atmospheric pressure. 

13. The method of Claim 11 where, 

the discoloration of the rice hull ash is at a 
temperature above ambient temperature. 

14. The method of Claim 11 where, 

the dissolution is at a pressure above atmospheric 
pressure. 

15. The method of Claim 11 where, 

the dissolution of the rice hull ash is at a temperature 
above ambient temperature and at a pressure above 
atmospheric pressure. 

16. The method of Claim 11 where, 

the active carbonaceous component is at least 
about 10/0 by weight. 

17. The method of Claim 11 where, 
the soluble silicate is dried. 

18. The method of Claim 11 where, 

the soluble silica is frothed to form a foam. 

19. A soluble silicate having, 

a water white color formed from biogenetic silica 
having a discoloration preventive agent effective to 
prevent color formation during dissolution and 
reaction of the biogenetic silica in an alkali solution. 

20. The soluble silicate of Claim 19 where, 

the discoloration preventive agent is an active 
carbonaceous material. 

21. The soluble silicate of Claim 20 where, 
the soluble silicate is dried. 

22. The soluble sijicate of Claim 20 where, 
the soluble silicate is foamed. 

23. A soluble silicate having, 

a water white color formed from rice hull ash formed 
in the presence of a discoloration prevent agent 
effective to prevent color deformation during dissol- 
ution and reaction of the rice hull ash in an alkali 
solution. 

24. The soluble silicate of Claim 23 where, 
the soluble silicate is dried. 

25. The soluble silicate of Claim 20 where, 
the soluble silicate is foamed. 

26. The residue resulting from the method of Claim 
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27. The residue resulting from the method of 
Claim 2 and comprising, 

an activated carbonaceous residue. 

28. The residue resulting from the method of 5 
Claim 1 and including minerals inherent in the 
biogenetic silica. 

29. The residue resulting from the method of 
Claim 1 including a concentration of manganese 
inherent In the biogenetic silica. w 
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